Introduction
Diagnosing microesotropia, especially in a very young patient, is difficult, even for an expert orthoptist or ophthalmologist. For this reason, many tests are described in the scientific literature with the aim to simplify this diagnosis, but rarely are their specificity and sensitivity reported. Statistical data should be known by a clinician to decide which test is the most appropriate to use in a specific situation. However, paradoxically for the most common tests used by strabismologists for the diagnosis of microesotropia, there are few data reported in the literature. A recent article by Ancona et al (1) attempted to identify the most useful stereotest as a screening tool for strabismus and also examined the sensitivity, specificity, positive predictive value, and negative predictive value of 4 stereotests (Lang 1, Lang 2, Titmus, and TNO stereotest), but in that study only 10 patients had microstrabismus.
Stereopsis can be quantified in the seconds of arc of retinal image disparity required to see depth. The minimal disparity that elicits the response is referred to as the stereoacuity. As reported by Parks (2) , the minimal retinal image disparity Randot stereotest, instead, is an unusual combination of random dot and contour stereotests: one page of the test uses random dot technique while the other has contoured stereoscopic patterns on a random dot background. The Randot stereotest is not actually considered a screening test, but is designed to be a quantitative test for stereo threshold (8) . In the literature, we can find few papers that analyze statistically either indirect tests or direct stereoscopic tests for the diagnosis of microesotropia (1, 5, 8, (11) (12) (13) (14) (15) (16) (17) , and fewer data about the TNO stereotest (1, 8, 13) .
The aim of our study was to analyze the real efficacy and effectiveness of TNO stereotest for the diagnosis of microesotropia in young patients in daily practice.
Methods
The study was performed in accordance with the ethical standards laid down in the Declaration of Helsinki. The data were collected during 1 year and the parents were informed on data collection due to a statistical analysis.
We considered 312 patients whose age ranged from 3 to 18 years (mean age 7.5 years) suspected to be microesotropic. Patients with all other forms of ocular deviations were excluded from the study. Also, patients with ocular diseases were not involved in the present study. Children less than 3 years of age were excluded from the study since it was not possible to detect any answer from the TNO stereotest. All patients underwent a full orthoptic examination including cover test, ocular motility, Paliaga 8-D base-in test (18, 19) , considered in our work the gold standard test due to its high specificity and sensitivity, and a strong likelihood ratio (18, 20, 21) . To perform the 8-D test, we showed the subject a fixation stick at a distance of 30/40 cm to gain attention and stimulate the accommodation. We positioned an 8-D base-in prism in front of the suspected nondominant eye and observed the movement obtained. According to the literature, three different responses to the 8-D base-in prism test can be observed:
• Normometric divergence: We observe a movement directed to the apex of the prism compensating the value of the diopters • No movement: The prism in front of the eye is unable to stimulate a divergence movement that can be observed if the prism is positioned in front of the dominant eye • Paradoxical convergence movement: The prism causes a convergence movement directed to the base.
Patients considered normal were orthotropic at the cover test, had no impairment at ocular motility examination, and had normometric divergence at the Paliaga 8-D base-in test. Among those claimed as microesotropic, a horizontal refixation saccade could be elicited at the cover test and we considered as sign of the presence of microesotropia a deviation under 2 degrees for far and for near. All the patients suspected to be microtropic presented an absence of movement at the 8-D base-in test. None of these patients showed any problem at the ocular motility examination. The TNO stereotest was presented at a distance of approximately 40 cm, as explained in the manual of TNO test for stereoscopic vision (22) , wearing the red-green glasses; in very young children, we used red-green glasses specially made for our examination by an optical Italian industry, which built the red-green filter with the same characteristics as the originals on a traditional children's soft frame.
We established the cutoff at 120 seconds of arc, so that only patients with stereoacuity better than 120 seconds of arc were considered with normal binocular vision (without microesotropia) as referred in the literature (11, 23) and patients with a value worse than 120 seconds of arc were considered microtropic.
The answers registered were the first answers given; no comments or indications were possible by the examiner to guide the subjects.
For the duration of this observational study, the operator performing the TNO stereotest was always the same and was masked to the results of orthoptic or ophthalmologic evaluations done by the other operators involved in the study, since he was masked to the results of the eyes check. Also, all the other operators were masked from the results obtained with the different tests, and to avoid bias, the tests were all presented randomly.
Results
After the orthoptic examination and considering the responses of the patients at the Paliaga 8-D base-in test, we found 281 (90.1%) patients orthotropic, as negative, and 31 (9.9%) microesotropic, as positive.
Among the patients without strabismus, the TNO test detected 275 real-negatives (orthotropic with stereopsis) and 6 false-positives (orthotropic without stereopsis). Among the patients considered microesotropic, 29 were found to be real-positives (microesotropic without stereopsis) and 2 were found to be false-negatives (microesotropic with stereopsis).
We found a specificity of 98% and a sensitivity of 94%. We calculated the positive predictive value (80%) and the negative predictive value (99%) as we had the prevalence of our population (Tab. I). Likelihood ratio was detected to evaluate the effectiveness of the test in daily practice. When we want to know if a test really works and is useful in daily practice, we should also know the likelihood ratio of that test (9, (24) (25) (26) . The ratio between affected patients diagnosed correctly by the test and the number of nonaffected patients misdiagnosed as affected by the test is called likelihood ratio.
It enhances the pretest probability to be affected by a disease being positive to that test.
Likelihood ratio = sensitivity/1-specificity.
In our work, the TNO stereotest has a likelihood ratio of 47 (0.94/1-0.98 = 47), which means that we may modify the pretest probability to be affected by microesotropia using this test, but less than using other tests with a higher likelihood ratio (i.e., Paliaga 8-D base-in: likelihood ratio 98; Lang 1: likelihood ratio 87) (5, 20, 27) .
For instance, given a pretest probability of about 5% of being microesotropic in our population, the test has enhanced the posttest probability at 70%.
These results are summarized in Table II . 
Discussion
It is generally accepted that rudimentary stereopsis could be present in patients with microstrabismus, although it is reduced, so that these patients could achieve a certain grade of stereoacuity in some stereotests. Leske and Holmes (6) conclude that true stereopsis is rare in individuals with greater than 4 prism diopters of horizontal manifest strabismus. Von Noorden and Campos (28) also affirm that it is known that patients with longstanding large angle manifest strabismus do not demonstrate stereopsis. It is also quite evident that these individuals function very well in everyday life, presumably making use of nonstereoscopic forms of depth perception such as motion parallax, image size, linear perspective, and lateral displacement (28) . Few data are present in the literature concerning which test could be the best in microstrabismic patients for the diagnosis of their deviation.
The diagnosis of microstrabismus in early childhood must be considered very important and necessary to perform an early treatment to avoid amblyopia (1, 29) . Our experience revealed that stereotests are a potentially useful method to detect microstrabismus (5), considering they are easy to perform and well-accepted by both young patients and orthoptists.
In our study, we analyzed statistically the usefulness of TNO in identifying microstrabismus in young patients in daily practice and from our results we can state that the TNO stereotest has high specificity and sensitivity. Positive and negative predictive values correspond to a test with good reliability in young children. The likelihood ratio obtained in our work, though of high value, points out the incomplete effectiveness of the TNO test compared to the value obtained with other tests described in the literature (5, 20, 27) , even if in other studies statistical data collected for the TNO stereo test show a good efficacy (1) (2) (3) (4) (5) .
In brief, according to Allegrini et al (5), we should always know the likelihood ratio of a test before using it in daily practice. A test works ideally if it has high sensitivity, high specificity, and a good likelihood ratio, which is commonly used in the analysis of the usefulness of a test (20, 30) . To better understand the meaning of a statistical analysis of a test itself, we have to remember that efficacy defines the extent to which a specific treatment produces beneficial results under ideal conditions; effectiveness refers to the actual effect of a treatment (29, (31) (32) (33) . We may conclude that the grade of likelihood ratio gives an indirect measure of the effectiveness of a test (34) . A test that works ideally only in compliant patients has great limitations of benefit during daily practice; on the contrary, a test that may give stable results in the real world of every day clinical practice should be used constantly.
From the results of our study, we can affirm that TNO test works for the diagnosis of microtropia, but we have to consider some bias and difficulties in young children.
One of the problems we encountered in our practice was the cooperation of young patients, since we were obligated to exclude from our statistical analysis children younger than 3 years due to the impossibility to register reliable data and to perform this test easily in the first 3 years of age. We also found some difficulties in children more than 3 years of age: not all the children were confident in recognizing geometric figures in the screening pages or in pointing to the missing piece of pie. These difficulties must be well-known by the operator to avoid registering incorrect data. Once children were well-instructed by the operator about the way to perform this test, they could give a good performance, so that none of our patients was unable to perform the TNO test. Fox et al (35) suggests that stereoacuity is fully developed at age 3 to 5 years but children of that age do not possess the cognitive strategies to interpret the most difficult figures. According to Heron et al (36) , it is important to involve children aged at least 3 years to have a good reliability of this test in practice to detect microesotropic patients since usually young children have difficulties in performing this test. In their article, they found that the performance on the Randot and TNO tests was doubtful in young children and was adult-like in children 7 years or older.
Finally, it is important to consider that the presence of a rudimentary stereoscopic status, even in microtropic children, may influence the reliability of the answers at a stereoscopic test. As reported by Parks (4, 37) , patients with monofixation syndrome who have stereopsis obtain this perception only from relatively large degrees of horizontal retinal image disparity compared to the excellent stereoacuity of patients with bifixation. For this reason, we considered the necessity to have a cutoff point testing the TNO. We decided to consider normal only subjects with a stereoacuity better than 120 seconds of arc to cut off the false-negative patient number and microtropic patients with stereopsis worse than 120 seconds of arc. In fact, as referred by Tomaç and Altay (23), Huynh and coworkers (11), the median stereoacuity in children with normal binocular vision is reported to be 120 seconds of arc or better. The decision of the cutoff point is important because it changes the results of the test we are managing. This problem is well-considered in the article by Ohlsson et al (8) , since the number of underreferrals or overreferrals are strictly dependent on the pass criteria chosen. Also, Simons (13) argues that a lower pass-fail criterion will lower the number of underreferrals.
Moreover, in testing stereopsis in microtropic children, it is important to know that some stereotests, the contour stereotests (i.e., Titmus stereotest), could fail to identify the presence of microstrabismus because they have monocular details, so that subjects with rudimentary local stereoscopic vision can reach a certain grade of stereopsis. According to Pageau et al (7), local stereoscopic vision, which contains visible monocular cues, is usually present although altered in microstrabismic patients, but global stereopsis is usually absent or dramatically diminished. Hahn and coworkers (38) affirm that only "the level of stereoacuity that cannot be obtained monocularly is of interest to all testers and interpreters of the results to provide a level of confidence that the result obtained represents stereopsis." For this reason, in their study, they quantify the influence of monocular cues in 7 stereotests (Titmus, Randot, Randot Special Edition, Randot Preschool, Lang, Lang II, and Frisby stereoacuity tests) and determine the absolute value of stereoacuity for each stereotest that could not be obtained monocularly. Ideally, a stereoacuity test would be void of any monocular cues, as these would give an invalid result, indicating some degree of stereopsis where none exists. Furthermore, they found that subjects with strabismus are better than normal subjects at determining a certain grade of stereoacuity using monocular cues. For this reason, it is always important to know, in addition to the effectiveness, also the kind of the stimuli that make up the test, remembering that contour stereotests (i.e., Titmus stereotest), or not pure random dot stereotests (i.e. Randot stereotest), have monocular cues, instead pure random dot stereotests (i.e., TNO stereotest) do not have, and for this reason they are better at diagnosing microesotropia, because they analyze the real stereopsis generated by truly binocular interaction (8) (9) (10) (11) (12) (13) .
Conclusion
In addition to the statements reported in the literature (1, 8, 13) and to the good results obtained in our analysis, considering the specificity and sensitivity of the TNO stereotest in the diagnosis of microesotropia in young children in daily practice, we also have to point out some findings that differ from previously published data showing some advantages.
First, in our work, we involved a great number of patients, as homogeneous as possible, allowing us to have a good statistical description. Only patients suspected to be microstrabismic at the gold standard test were involved and all other forms of eye deviations and ocular diseases were excluded. As gold standard, we chose the 8-D base-in test (Paliaga test) due to its high sensitivity and specificity (18, 20) , which can be compared to the cover test, allowing an easier and quicker performance for both patients and examiners (5) . Another advantage of this study was that the patients had to perform only the TNO test and no other tests, diminishing the possibility of fatigue effect, as reported in the literature (1-8) .
In conclusion, our data stress the importance of TNO for microstrabismus evaluation in clinical daily practice, but considering some bias:
• The age of the young patients: It was impossible to detect a reliable answer in children under 3 years of age. Younger children do not allow us to collect answers to make the correct diagnosis and should be monitored with other tests with good statistical evaluation according to their age.
• The difficulties encountered in understanding some shapes in the screening pages of TNO or in pointing to the missing piece of pie: this can influence specificity and sensitivity, and consequently the likelihood ratio, if not considered by the operator. Children well-instructed by the operator may give a good performance on the TNO test.
• The presence of a stereoscopic rudimentary status, even in microtropic subjects, which may influence the specificity, giving a higher number of false-negatives.
More studies should be done comparing different tests in the diagnosis of microesotropia to allow us to understand which test is the best test in daily practice.
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